Abstract
Concealed damage (CD) is defined as a brown discoloration of the kernel interior 23 (nutmeat) that appears only after moderate to high heat treatment (e.g. blanching, drying, 
Introduction
windrows or stockpiles and exposed to warm and moist environments. subjective, labor intensive and cannot be used to identify nuts with CD before heat treatments.
58
This can result in significant product loss.
59
The current hypothesis is that the browning associated with CD is related to the Maillard and 950 nm 19 . These data resulted in a classification error rate of 14.3% for the validation set.
91
More recently, Nakariyakul 20 -21 achieve a higher classification rate using hyperspectral 92 transmission and focusing on a sub-set of absorbing bands (760, 920, 935, and 970 nm) with a 93 false negative error rate of 14.81%. Almonds used in this study were generated by Pearson
94
(1999) as described above.
95
Herein, we present the development of a prediction model for the classification of 96 almonds with CD using reflectance NIR in the extended range of the NIR spectrum (1125 -2153 97 nm) and by employing data pre-processing and partial least square discriminant analysis (PLS-98 DA). Almonds evaluated in this study were exposed to controlled humidity environments that 99 produced an internal nut moisture content of ~5% (control), 8% (mild CD) and 11% (100% CD).
100
The percent CD in the raw almonds was validated using colorimetry as described previously 8 .
101
Developing a rapid in-line screening method for detecting CD in raw almonds is a critical 
Sample preparation

110
Dehulled raw kernels (100 lbs., var. Nonpareil) were supplied by the Nickels Soil lab
111
(Arbuckle, CA) in September 2013. Individual vessels containing ~100 gm were exposed to 112 conditions that produced an internal kernel moisture of 5% (actual 5.4 ± 0.2), 8% (actual 8. After NIR spectra were acquired, the almonds were roasted at 120°C for 90 min in a 
159
For the calibration model, repeated cross-validation was used to find the best model. processing, is shown in Fig. 2 . The spectrum is characterized by broad and unresolved absorption 170 bands and is similar to spectra for peanut 28 , walnut 10 , macadamiat 7 , and shea nut. 18 To enhance spectral features and compensate for baseline offsets, a second-derivative of the absorbance data, with respect to wavelength, was calculated. In the second-derivative data, absorbance maxima 173 are converted to minima (Fig. 3) An overlay of the averaged second derivative spectra for almonds classified as NCD and
186
CD is also given in Fig. 3 supports the hypothesis that the Maillard reaction is involved in the formation of CD in almonds.
200
Initially, multiple PLS-DA models were evaluated using the full wavelength region from was obtained using only second derivative pre-processing as compared to 9.2% when using SNV 210 pre-processing, and 8.2% when using SNV and second derivative pre-processing. Although the 211 % fp rate was higher for this model (17.2%) as compared to the SNV (12.6%) and SNV and 212 second derivative pre-processing (10.6%), the % fn was significantly lower (12.4%) as compared 213 to these models (16%).
214
Previous studies employing IR to build models to discriminate differences between CD
215
and NCD focused on the absorbance range between 700-1400 nm 5 and on selected wavelengths 216 within the 700-1400 nm absorbance range. 
